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BACKGROUND OF THE INVENTION 



[^Field of the Inventio 




The present invention relates to a semiconductor 
device and a manufacturing method thereof, and more 
particularly, the present invention is best suited 
when applied to a semiconductor device using a resin 
insulating film such as polyimide, BCB, or the like. 
^Description of the Related Art [fj 

Conventionally, a resin insulating film such as 
polyimide, BCB, or the like is generally used as a 
front face protective film for a chip mounted by mol 
e t c . 

An example of a chip using an insulating film 
such as polyimide, BCB, or the like as a front face 
protective film is shown in Fig. 8A to Fig. 8E. Fig. 
8A and Fig. 8B are ^planejj'views showing a front face 
of the chip. Fig. 8C is a sectional view taken along 
the V-V line in Fig. 8B. Fig. 8D is a sectional view 
taken along the VI-VI line in Fig. 8B. Fig. 8E is a 
bottom view showing a reverse face of the chip. 

On an operating layer of a semiconductor 
substrate 101, a source electrode, a gate electrode 
and a drain electrode are formed in a shape of teeth 
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of a comb. A source pad 102, a gate pad 103 and a 
•drain pad 104 are respectively led out from the 
respective electrodes on the front face of the 
semiconductor substrate 101. 

The upper side of the operating layer of the 
semiconductor is covered with a surface protective 
insulating film lO^such as pcly imid^et c . A view in 
Fig. 8A shows a specification in which only the upper 
side of the operating layer is covered with the 
surface protective insulating film 105. A view in 
Fig. 8B shows a specification in which all the 
regions except the respective pad areas 102 to 104 
are covered with- the surface protective insulating 
film 105. Thus, exposure of the electrodes and the 
semiconductor area on the front face of the chip is 
reduced so as to take a structure aiming for 
improvement of reliability. 

Generally on the chip as structured above, the 
source pad 102 is connected to a pad 102A on the 
reverse face of the chip through a via hole 102B, and 
the pad 102A on the reverse face is mounted as ground 
of the source . 

As described above, an insulating film such as 
polyimide, BCB, or the like is often used as a front 
face protective film of a conventional chip. However, 
evi\ce using polyimide or BCB cannot be utilized 

for application which requires a high reliability 
V Ay 

Forexample, polyimide has a high water absorbing 
property and would be saturated with absorbed water 
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in the long term. Then, the water would be soaked., 
out up to fingers such as the gate, the source, and 
the like to induce corrosion, ion migration, and so 
on. Therefore, there could be a risk of causing a _rvtal f ^ 
device ^trouble/. On the other hand, BCB jis said to 
havekan extremely small water absorbing property. 
However, ^interface between metal and BCB, and BCB 
itself would be permeated with water. Therefore, 
there could be a risk of causing the aforementioned 
trouble. 

^Due tolthe abov e - described problems related to 
moisture resistance, a highly airtight hermetic seal 
package is used for a device which requires higher 
reliability. However, a hermetic seal package is 
extremely expensive and in some cases it costs 
several times as much as a chip. Therefore, it will 
be a big barrier when trying to reduce costs of the 
product . 



SUMMARY OF THE INVENTION 
The present invention is made in view of the 
aforementioned problems. Therefore, it is an object 
of the invention to obtain a highly reliable 
semiconductor device having a significantly improved 
moisture resistance while using an insulating film 
such as polyimide, BCB, or the like. 

The present invention is made in view of the 
aforementioned problems. Here, metal is focused on 
because it is easily available, is easily subjected 
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to mi c r of abr i c a t i on , is a general material used in 
semiconductor manufacturing, and has a high moisture 
resistance. Therefore, metal is used to cover all of 
an upper surface and side surfaces of polyimide, BCB, 
or the like which is applied as an insulating film 
above the front face of the semiconductor substrate. 
That is, in the semiconductor device according to the 
invention, the front face of a semiconductor chip is 
covered protectively with the insulating film as well 
as the whole surfaces of the aforementioned 
insulating film is covered with a metal protective 
film having moisture resistance. 

A problem when covering the insulating film with 
metal is that metal is conductive. It is needless to 
say that the chip cannot work when formed by a usual 
electrode forming method because all exposed 



Consequently, in this invention a structure is 
adopted so that all the necessary electrodes are led 
out from the front face to the reverse face. In 
other words, the semiconductor device according to 
this invention includes a plurality of electrodes 
connected to an active region on the front face of 
the semiconductor chip, a resin insulating film 
provided on the aforementioned active region, a metal 
protective film covering all of the upper surface and 
the side surfaces of the aforementioned resin 
insulating film, and one or a plurality of electrical 
connecting portions of the reverse face provided at 



electrodes and 
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the reverse side of the aforementioned semiconductor 
chip, leading out at least one electric potential of 
the aforementioned plurality of electrodes to the 
reverse face . 

Additionally, a manufacturing method of a 
semiconductor device according to this invention 
includes a step of forming a plurality of electrodes 
on a front face of a semiconductor chip, a step of 
covering the front face of the aforementioned 
semiconductor chip with a resin insulating film, a 
step of covering all of the upper surface and the 
side surfaces of the aforementioned resin insulating 
film with a metal protective film, and a step of 
providing an electrical connecting portion of at 
least any of the aforementioned plurality of 
electrodes at the reverse face of the aforementioned 
semiconductor chip. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1A and Fig. IB are schematic views showing a 
chip of a first embodiment; 

Fig. 2A to Fig. 2E are schematic views showing a 
chip of a second embodiment; 
Fig. 3 is a jplane 




lew illustrating a process of 

A 

manufacturing the chip of the second embodiment; 



Fig. 4 is a sectional view illustrating a process 
of manufacturing the chip of the second embodiment; 

Fig. 5 is a sectional view illustrating a process 
of manufacturing the chip of the second embodiment; 
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Fig. 6A and Fig. 6B are schematic views 
illustrating a process of manufacturing the chip of 
the second embodiment; 

Fig. 7A and Fig. 7B are schematic views showing a 
chip of a third embodiment; and 

Fig. 8A to Fig. 8E are schematic views showing a 
chip of a conventional example. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of a semiconductor device and a 
manufacturing method thereof according to the present 
invention will be described hereinafter with 
reference to the drawings. 
-First Embodiment- 

A chip of a first embodiment is shown in Fig. 1A 
and Fig. IB. Fig. 1A is a ^lan^^iew showing a front 
face of the chip and Fig. IB is a bottom view of a 
reverse face of the chip. 

On an operating layer (an active region) of a 
semiconductor substrate, a source electrode 11, a 
gate electrode 12 and a drain electrode 13 composing 
a FET are formed in a shape of teeth of a comb, 

A source via hole receiving pad 11A led out from 
the source electrode 11 is provided on the front face 
of the semiconductor substrate, while a source 
bonding pad 11B is provided on the reverse face. 
(These source via hole receiving pad 11A ancrsource 
bonding pad 11B are connected to each other through a 
via hole 11C. In other words, electric potential of 
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the source electrode 11 is led out to the source 
bonding pad HE on the reverse face. 

S imi lar 1 ^^1 2 A is a gate via hole receiving pad on 
the front face of the semiconductor substrate led out 
from the gate electrode 12, 12B is a gate bonding pad 
on the reverse face, and 12C is a via hole. As well, 
13A is a drain via hole receiving pad on the front 
face of the semiconductor substrate led out from the 
drain electrode 13, 13B is a drain bonding pad on the 
reverse face, and 13C is a via hole. 

In this embodiment all regions except a 
peripheral isolation region on the front face of the 
semiconductor substrate are covered with a resin 
insulating film 14 such as polyimide. That is, all 
the aforementioned electrodes 11 to 13 and the via 
hole receiving pads 11A to 13A are covered with the 
insulating film 14. 

The upper surface of the aforementioned 
insulating film 14 is covered with a metal film 15. 
As a method of covering the insulating film 14 with 
the metal film 15, either one of sputtering, 
deposition, plating or combinations thereof may be 
used. It is noted that although the electrodes 11 to 
13 and the via hole receiving pads HA to 13A 
actually cannot be seen from the outside as they are 
covered with the insulating film 14 and the metal 
film 15, they are shown in Fig. 1A for the purpose of 
illustration . 
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At the peripheral isolation region on the front 
face of the semiconductor substrate, a fringe metal 
layer 16 which strengthens adhesion to the 
semiconductor substrate is formed. A side surface of 
the aforementioned insulating film 14 is then covered 
with this fringe metal layer 16. 



As described above, the metal film 1 5/ per f ormsj^as 
an upper surface protective film of the insulating 



film 14, while the fringe metal layer 1 6 per forms/ as 



14. Therefore, the chip is so structured that all of 
the upper surface and the side surfaces of the 
insulating film .14 are covered with the metal 
protective films. Thereby, a significantly superior 
moisture resistance will be realized because exposed 
parts of both faces on the device are composed only 
of the semiconductor substrate or the metal which 
adheres strongly to this semiconductor substrate. 

Incidentally, when mounting the chip in the case 
of this embodiment, both faces will be turned upside 
down as compared with the usual case and it bonds to 



the respective bonding pads 11B to 13B of the source, 
the gate, and the drain on the reverse face of the 
chip. % 

By adopting the structure that all of the upper 
surface and the side surfaces of the insulating film 
14 are covered with the metal as described above, 
applied implementation as follows can be realized. 





a side surface protective film 



of the insulating film 
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(1) By connecting one of a plurality of electrodes 
such as the source, the gate, and the drain to the 
metal protective film, the metal protective film can 
be utilized as an electrode. 

(2) In a case that a certain electrode is connected 
to the metal protective film, if there are a 
plurality of these electrodes, for examplgif there 
are a plurality of the electrodes such as the source 
electrodes 11 shown in Fig. 1A, those plurality of 
electrodes on the same electric potential (a 
plurality of the source electrodes 11) may be 
connected to the metal protective film. 

(3) The metal protective film only needs to cover the 
upper surface and the side surfaces of the insulating 
film. Therefore, when there are some areas which are 
not covered with the insulating film above the front 
face of the chip, those uncovered regi on s need not be 
covered with the metal protective film. 

(4) The electrode which is led out to the reverse 
face of the chip may be led out again to the front 
face. of the chip within the "uncovered regions with 
the insulating film" described in (3) . 

(5) The connection between the front face and the 
reverse face of the chip may be performed by using 
the side surface of the chip in addition to using the 
via hole . 

These applied examples have the following effects 
For example, in the applied examples (1) and (2), 
when the electrode which is connected to the metal 
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protective film is ground electric potential such as 
ground^etc. , an electromagnetic shield effect by the 
metal protective film can be obtained. JSincef a 
plurality of the electrodes are connected to the 
metal protective film especially in the applied 
example (2), heat release occurs through the metal 
protective film having a large super ficies . 
Therefore, the heat release property can be improved. 
Additionally, in the applied example (4) a contact 
above the front face of the chip will be possible. 
-Second Embodimen t- 

A second embodiment corresponds to the 
aforementioned applied examples (1) and (2). 
Specifically the source electrode is connected to the 
metal protective film. A chip of the second 
embodiment is shown in Fig. 2A to Fig. 2E. Fig. 2A 
is a ^lan^^ew showing a front face of the chip. 
Fig. 2B is a sectional view taken along the I-I line 
in Fig. 2A. Fig. 2C is a sectional view taken along 
the II-II line in Fig. 2A. Fig. 2D is a sectional 
view taken along the III-III line in Fig. 2A. Fig. 
2E is a bottom view of a reverse face of the chip. 

On an operating layer of a semiconductor 
substrate, a source electrode 21, a gate electrode 22, 
and a drain electrode 23 composing a FET are formed 
in a shape of^teeth of a comb. 

A gate via hole receiving pad 22A led out from 
the gate electrode 22 is provided on the front face 
of the semiconductor substrate, while a gate bonding 
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pad 22B is provided on the reverse face. iThese/gate 
via hole receiving pad 22A and ^Jga te bonding pad 22B 
are connected to each other through a via hole 22C. 

Similarl^a drain via hole receiving pad 23A led 
out from the drain electrode 23 is provided on the 
front face of the semiconductor substrate, while a 
drain bonding pad 23B is provided on the reverse face 
These! drain via hole receiving pad 23A and^drain 
bonding pad 23B are connected to each other through a 
via hole 2 3C . 

At a peripheral isolation region on the front 
face of the semiconductor substrate, a fringe metal 
layer 26 which strengthens adhesion to the 
semiconductor substrate by alloying is formed. This 
isolation region is isolated as a semiconductor and 
is electrically independent completely. 

Here, as shown in Fig. 2B and Fig. 2C, the source 
electrode 21 is formed to be higher by wiring of the 
second layer than the gate electrode 22, the gate via 
hole receiving pad 22A and the drain electrode 23, 
the drain via hole receiving pad 23A, and is formed 
to approximately the same height as the fringe metal 
layer 2 6. 

Within the inner side of the fringe metal layer 
26, polyimid c s an insulating film 24 is 

applied and the gate electrode 22, the drain 
electrode 23, the gate via hole receiving pad 22A and 
the drain via hole receiving pad 23A are covered with 
the insulating film 24. Therefore, different 
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electrodes are insulated from one another. However, 
only the source electrode 21 is exposed to the upper 
surface of the insulating film 24. 

Then, all of the upper surface of the insulating 
film 24, the upper surface of the fringe metal layer 
26 and the upper surface of the source electrode 21 
exposed to the upper surface of the insulating film 
24 are covered with the metal film 25. Therefore, 
the source electrode 21 and the fringe metal layer 26 
are connected through this metal film 25. However, 
the metal film 25 is insulated from the gate 
electrode 22 (the gate via hole receiving pad 22A) 
and the drain electrode 23 (the drain via hole 
receiving pad 23A) by the insulating film 24. 

It is noted that [though! the electrodes 21 to 23 
and the via hole receiving pads 22A and 23A actually 

fee 

cannot Cbeeii] seen from the outside as they are covered 
with the metal film 25, they are shown in Fig. 2A for 
the purpose of illustration'. 

As described above, the metal film 25 performs as 
an upper surface protective film of the insulating 
film 24 and the fringe metal layer 26 performs as a 
side surface protective film of the insulating film 
24. Therefore, the chip is £so^ structured^that all of 
the upper surface and the side surfaces of the 
insulating film 24 are covered with the metal 
protective films and a significantly superior 
moisture resistance can be realized. Moreover, js incej 
there is no need to lead out the source electrode 21 
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to the reverse face of the semiconductor substrate, 
the source via hole receiving pad and the source 
bonding pad described in the first embodiment, will 
not be needed. Therefore, similarly to the chip 
having the source via hole structure described in the 
conventional example, it becomes possible to mount 
the chip by utilizing the reverse face to the bonding 
face of the gate and the drain (that is, the face 
with the metal protective film) as ground of the 
source. In addition, |sincej the metal film 25 above 
the front face of the chip can be flattened, it 
becomes possible to mount the chip easily on the 
device where the main way of mounting is flip chip 
mount ing . 

Referring to Fig, 2A to Fig. 6, a method of 
manufacturing the semiconductor device according to 
this embodiment will be explained hereinafter. Here, 
it will be explained by taking- MESFET for instance, 
which is a compound semiconductor device using a Ga As 
substrate^tc^and has a high-frequency 
characteristic. Note that the same components as 
described in Fig. 2A to Fig. 2E will be explained 
with the same reference numerals and symbols in Fig. 
3 to Fig. 6 . 

First of all, isolation is performed to the 
semiconductor substrate 27 by a method such as ion 
implantation, mesa etch, or the like so as to form an 
operating layer 30. 
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Subsequentl s shown in Fig. 3 , a gate electrode 
22 subjected to Schottky junction using metal such as 
WS^etc. , and a source electrode 21 and a drain 
electrode 23 with an ohmic property using metal such 
as AuG^etc. , are formed in a shape of^eeth of a 
comb on the operating layer 30. An Au-plating layer 
with a film thickness of about 3 /i m is formed for the 
ohmic metal to secure electric current density of the 
electrode . 

Furthermore, a gate via hole receiving pad 22A 
and a drain via hole receiving pad 23A are provided 
on the front face of the semiconductor substrate 27. 
Then, a fringe metal layer 26 is formed on the 
isolation region outside the operating layer 30. 

Thereafter, polyimide as the insulating film 24 
is applied to whole surfaces as shown in Fig. 4. 
Then, opening portions 28 are formed at the source 
electrode 21-1 and the fringe metal layer 26-1 of the 
insulating film 24 to expose the upper surfaces of 
these source electrode 21-1 and fringe metal layer 
26-1. As a process of making the openings, etchin^j^X 
etc^with chemicals using a photosensitive polyimide 
as the insulating film 24 may be performed. 

A source wiring 21-2 of the second layer and a 
fringe metal layer 26-2 of the second layer are then 
formed at the opening portions 28 by electrolytic Au 
plating as shown in Fig. 5. In other words, after 
forming the opening portions 28, metal is deposited 
on ^h e wholel surf aces by a method such as sputtering, 
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and then patterning is performed to make smaller 
areas than the opening portions 28 for plating. 
Subsequent l^the Au-plating layer with a film 

thickness of about 4 # m is formed. By using this Au- 
plating layer as a mask, the metal which is deposited 
by a method such as sputtering should be removed by 
etchina^)such as milling method. 




Nex^polyimide as the insulating film 24 is 
applied to the whole surfaces as shown in Fig. 6A and 
Fig. 6B. Fig. 6A is a sectional view taken along the 
IV-IV line in Fig. 6B. Then, opening portions 29 are 
formed at the source electrode 21-2 (the source 
wiring of the second layer) and the fringe metal 
layer 26-2 to expose the upper surfaces of these 
source electrode 21-2 and fringe metal layer 26-2. 
At this time as shown in Fig. 6B, only the upper 
surface of the source electrode 21-2 (the source 
wiring of the second layer) is exposed to the front 
face of the chip inside the fringe metal layer 26-2, 
while other electrodes 22, 23 and pads 22A, 23A are 
covered with the insulating film 24. 

Thereafter, metal such as Ti or N^etc^^re 
deposited on the whole surfaces by a method such as 
sputtering. Then, patterning is performed with 
resist so as to make a rectangular opening slightly 
inside of the chip region (inside of the outer edge 
of the fringe metal layer 26) above the transistor 
region which includes the fringe metal layer 26 and 
the gate electrode 21. Subsequently, an Au-plating 
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layer with a film thickness of about 3 um is formed 
and the resist is removed. As described abov^the 
metal film 25 is formed as shown in Fig. 2B to 
complete the forming step of the front face of the 
substrate. The metal film 25 composing the metal 
protective film has a foundation layer of the 
sputtered metal and the Au-plating layer, so that 
adhesiveness to the insulating film 24 can be 
increased . 

Next, proceeding to the forming step of the 
reverse face of the substrate, the via holes 22C and 
23C are formed from the reverse face of the 
semiconductor substrate 27 by dry etchingAtc.^as 
shown in Fig. 2C and Fig. 2E. Then, respective 
bonding pads 22B and 23B are plated with Au to 
complete the chip according to this embodiment . 

-Third Embodiment - 

A third embodiment corresponds to the 
aforementioned applied example (4) . In Fig. 7A and 
Fig. 7B, a chip of the third embodiment is shown. 
Fig. 7A is a plane view showing a front face of the 
chip and Fig. 7B is a bottom view showing a reverse 
face of the chip. It is noted that the difference 
from the second embodiment described above will be 
focused on hereinafter. 

Similarly to the second embodiment described 
above, a source electrode 31, a gate electrode 32, 
and a drain electrode 33 composing a FET are formed 
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in a shape of^.t'eeth of a comb on an operating layer 

A 

of a semiconductor substrate. 

A gate via hole receiving pad 32A led out from 
the gate electrode 32 is provided on the front face 
of the semiconductor substrate, while a pad 32B 
(which is referred to as "a gate relay pad" 
hereinafter) is provided on the reverse face. [These 



gate via hole receiving pad 32A and gate relay pad 
32B are connected to each other through a via hole 



Similarly, a drain via hole receiving pad 33A led 
out from the drain electrode 33 is provided on the 
front face of the semiconductor substrate, while a 
pad 33B (which is referred to as "a drain relay pad" 
hereinafter) is provided on the reverse face. (These 7. 



drain via hole receiving pad 33A and^drain relay pad 
33B are connected to each other through a via hole 



Similarly to the second embodiment described 
above, within the inner side of a fringe metal layer 
36, polyimide etc. as an insulating film 34 is 
applied, and the gate electrode 32, the drain 
electrode 33, the gate via hole receiving pad 32A and 

■ 

the drain via hole receiving pad 33A are covered with 
the insulating film 34. Then, all of the upper 
surface of the insulating film 34, the upper surface 
of the fringe metal layer 36 and the upper surface of 
the source electrode 31 exposed to the upper surface 
of the insulating film 34 are covered with the metal 





32C . 





33C . 
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film 35. Therefore, the source electrode 31 and the 

* * 

fringe metal layer 36 are connected to each other 
through this metal film 35. 

Here, as shown in Fig. 7A, a peripheral isolation 
region on the front face of the semiconductor 
substrate is secured largely and space exists outside 
of the fringe metal layer 36 in this embodiment. In 
this space of the isolation region a gate bonding pad 
32D is provided on the side of the gate via hole 
receiving pad 32A. This gate bonding pad 32D is 
connected to the gate relay pad 32B on the reverse 
face of the semiconductor substrate through another 
via hole 32E than the aforementioned via hole 32C. 
In other words, the gate electrode 32 is connected to 
the gate relay pad 32B on the reverse face through 
the via hole 32C further through the gate via hole 
receiving pad 32A on the front face of the chip. 
Furthermore, it is connected to the gate bonding pad 
32D on the front face through the via hole 32E. 

Similarly, in the space of the isolation region a 
drain bonding pad 33D is provided on the side of the 
drain via hole receiving pad 33A. This drain bonding 
pad 33D is connected to the drain relay pad 33B on 
the reverse face of the semiconductor substrate 
through another via hole 33E than the aforementioned 
via hole 33C. In other words, the drain electrode 33 
is connected to the drain relay pad 33B on the 
reverse face through the via hole 33C further through 
the drain via hole receiving pad 33A on the front 
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face of the chip. Furthermore, it is connected to 
the drain bonding pad 3 3 D on the front face through 
the via hole 33E. 

Additionally, both sides of the fringe metal 
layer 36 are made larger in this embodiment as shown 
in Fig. 7 to be used as source electrode pads 31D. 

As described above, the metal film 35 performs a 
an upper surface protective film of the insulating 
film 34 and the fringe metal layer 36 performs as a 
side surface protective film of the insulating film 
34. Therefore, the chip is so structured that all o 
the upper surface and the side surfaces of the 
insulating film. 34 are covered with the metal 
protective films. Thereby, a significantly superior 
moisture resistance will be realized. Moreover, 
bonding can be performed on both sides of the chip, 
so that mounting design with extremely high 
flexibility can be available. 

In the aforementioned first to third embodiments 
the insulating films 14, 24, and 34 are covered with 
the metal films 15, 25, and 35 as the upper surface 
protective films, as well as they are covered with 
the fringe metal layer 16, 26, and 36 as the side 
surface protective films. Thereby strengthened mej>a 
protective films are formed. However^ depending on 
required reliability, after forming an insulating 
film, metal may be formed on ^the w h o 1 ej^rtTr*f aces of 
the insulating film at a time by sputtering, 
deposition, or the like without dividing the metal 
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protective films into the upper part and the side 
part. Of course it can be considered that strength 
may be increased by Au-plating or the like on the 
once formed metal protective film. In this case, 
when the metal protective film which covers the resin 
insulating film terminates directly at a 
semiconductor substrate, an insulating film such as 
an Si0 2 film and an SiN film, or the like, reliability 
can be improved together with higher adhesiveness by 
using a foundation such as Ti, Ni, or the like, which 
has a superior adhesiveness. 

Incidentally, while the front face and the 
reverse face of the chip are connected through the 
via hole in the aforementioned first to third 
embodiments, it can be considered that this 
connection is realized by using a side face of the 
chip. For example, an electrical connecting member 
may be provided at the side face of the semiconductor 
chip so as to connect the front face and the reverse 
face of the aforementioned semiconductor substrate 
through this electrical connecting member. 

According to the present invention, in addition 
that the front face of the semiconductor chip is 
covered with the resin insulating film, this resin 
insulating film is further covered with the metal 
film. Thus, moisture resistance can be significantly 
improved to obtain a highly reliable semiconductor 
device without cost increase. 
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The present embodiments are to be considered in 
all respects as illustrative and no restrictive, and 
all changes which come within the meaning and range 
of equivalency of the claims are therefore intended 
to be embraced therein. The invention may be 
embodied in other specific forms without departing 
from the spirit or essential characteristics thereof. 
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